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ABSTRACT

The study aimed to establish a high-throughput bioassay method for the determination of total bioactivity of Atractylodes lancea
(AL) in human serum samples. In addition, a simple HPLC-UV method for the determination of plasma concentrations of
Atractylodin (ATD), the main bioactive component of AL, was also developed. For the bioassay method, Staphylococcus aureus
(S. aureus) ATCC 25923 strain was used as a test organism. Inhibition of bacterial growth was assessed using MTT assay. The
calibration curve was prepared from the concentration response curve in serum (0, 0.39, 0.78, 1.56, 3.13, 2.56, and 50 ng/
ul), which was linear with correlation coefficients better than 0.990. The Limit of Quantification (LOQ) was 1.66 pg/ml using
20 pl serum samples. The HPLC-UV assay procedure was developed based on reversed-phase chromatography using Hypersil
Gold C18 column and elution solvent consisting of acetonitrile and water at the ratio of 70:30 (v:v). The UV detection was
set at the wavelength of 340 nm. The calibration curve was prepared from concentration-response curve in serum (0, 0.39,
0.78, 1.56, 3.13, 2.56, and 50 ng/pl), which was linear with correlation coefficients (r) better than 0.990. The LOQ was
2.5 ng/ml using 1 ml plasma sample. Both assay methods were specific, sensitive, accurate and reproducible quantitative
analyses of serum bioactivity of AL and plasma concentrations of ATD. The methods were successfully applied for the
pharmacokinetic study of total bioactivity (anticholangiocarcinoma activity) of AL extract in five patients with advanced-stage
cholangiocarcinoma.
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INTRODUCTION

Atractylodes lancea (Thunb.) DC. (AL) has a long history as one
of the important herbs used in traditional Chinese medicine
(“Cang Zhu”), Japanese campo (“So-Jutsu”), and Thai traditional
medicine (“Khod-Kha-Mao”). The ethnopharmacological uses
of AL as a single crude extract or as a component in herbal
medicine formulas include the treatment of rheumatic diseases,
digestive disorders, night blindness, influenza [1], fever and
cold [2], and as a diuretic and stomachic drug [3]. These
ethnopharmacological uses are supported by the wide range
of pharmacological activities of AL in various diseases [4]. The
crude extracts (ethanolic, water, benzene, and methanol) of AL
rhizomes and its major constituents (B-eudesmol, Atractylodin
(ATD), hinesol, atractylon, atractykochromene, and quinone)
have been demonstrated for various pharmacological activities,
e.g., anticancer, antimicrobial (Staphylococcus aureus (S. aureus),
Escherichia coli, Saccharomyces cerevisiae, Candida albicans, Rhodotorula
glutinis, and Saprolegnia), anti-inflammatory, immunomodulatory,
analgesic, antipyretic and hepatoprotective activities, as well as
activities on gastrointestinal, nervous, and cardiovascular systems
and various microorganisms [5]. A series of studies conducted by
our group confirm the potential of AL for further development
as a chemotherapeutic for cholangiocarcinoma, the bile duct
cancer [6,7]. Atractylodin (ATD) (Figure 1) and B-eudesmol are
the main compounds of AL and have commonly been used as
markers of biological and pharmacological activities, as well as
chemical markers for quality control of standardized extract of

AL [8].

Figure 1: Chemical structures of Atractylodin (ATD).
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established for compositional analysis of Atractylodes spp. [15].
As several components may contribute to each pharmacological
activity of the crude AL extract, it is likely that bioanalysis and
investigation of the concentration-time profile (pharmacokinetic
study) of a single constituent by these methods may not be
correlated well with the overall pharmacodynamic activity of
AL. Bioassay, which is based on the measurement of the total
activity of all constituents, however, would better reflects the
sum of bioactivity of all constituents in the herbal extract. The
aim of the present study was to establish a high-throughput
bioassay method for the determination of the total bioactivity
of AL against cholangiocarcinoma cells (expressed as ATD
equivalent concentration) in human serum samples. In addition,
a simple HPLC-UV method for the determination of plasma
concentrations of ATD was also developed. Both methods were
successfully applied for the pharmacokinetic study of AL in Thai
patients with advanced-stage cholangiocarcinoma.

METHODOLOGY
Chemicals

Atractylodin (ATD) (Figure 1) was purchased from Shanghai
Run-Biotech Co., Ltd (Shanghai, China). The internal standard
for HPLC analysis 1,8-dihydroxyanthraquinone (Figure 2) was
purchased from Merck (Darmstadt, Germany). HPLC grade
reagents (acetonitrile and dichloromethane) were purchased from
Fisher Scientific (New Hampshire, USA). Ultrapure analytical
grade Type I water system (r>18 MQ/cm) was produced by a
Milli-Q Plus™ water system (Millipore Corporation, Bedford, MA,
USA). MTT [34(4, 5-dimethylthiazol-2-y1)-2, 5-diphenyltetrazolium
bromide] was purchased from Sigma Chemical Co. (St. Louis,
Mo, USA). Other analytical grade chemicals were purchased
from Sigma Chemical Co. (St. Louis, Mo, USA).

o
OH o] OH
Figure 2: 1,8-dihydroxyanthraquinone (internal standard for HPLC
analysis).

Bioanalysis of AL is challenging due to its complexity and the
large number of constituents [9]. Gas Chromatography (GC),
High-Performance Liquid Chromatography (HPLC) and Liquid
Chromatography-Mass (LC-MS)
widely employed for the identification and quantitation of
these constituents, particularly ATD and B-eudesmol [8,10-14].
Recently, Ultra-Performance Liquid Chromatography coupled
with electron spray ionization LTQ-Orbitrap high-resolution
Mass Spectrometry (UPLCLTQ-Orbitrap MS) has

Spectrometry have been

been
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Bioassay for determination of ATD in serum samples

Preparation of bacterial suspension: The test organism
Staphylococcus aureus (S. aureus) ATCC 25923 strain was obtained
from the Department of Medical Sciences, Ministry of Public
Health of Thailand. Biochemical identification of the organism
was performed using the methods. [16].

To prepare stock culture, bacteria colonies were isolated in blood
agar (Difco Laboartories, Detroit, Mich.), and a single colony was
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transferred to LB broth (Difco Laboratories, Detroit, Mich.) and
incubated overnight (18-20 h) at 37°C. The bacterial colonies
were suspended to the turbidity of the 0.5 McFarland standards
to achieve bacterial density of 1 x 108 CFU/ml and diluted to
obtain the optimal numbers of bacteria colonies (1 x 10* CFU/
ml) [17].

The stock culture was measured spectroscopically at the
wavelength nm 600 (A 600) and the optical density was adjusted
to 0.5 using McFarland No. 5 to obtain the optimal numbers
of bacteria colonies (1 x 10 CFU/qul). The stock culture was
stored at 4°C and was suitable for the assay within one week of
refrigeration.

Preparation of standard drug solutions: The stock solution of
ATD (1,000 ng/pl) was prepared in Dimethylsulfoxide (DMSO),
dispensed into small aliquots, and frozen at -20°C. Working
standard solutions used for serum assay were prepared by two-fold
serially diluting the stock solution (50 pl) with the human blank
serum to final concentrations of 0.39, 0.78, 1.56, 3.13, 2.56 and
50 ng/pl. Serum samples used for preparing working standard
solutions were screened for lack of activity against S. aureus ATCC
25923 strain. All working standards were stored at 4°C and were
used for a period of up to 1 month.

Bioassay procedure: For each assay, serum (20 pl) containing
different concentrations of ATD (0, 0.39, 0.78, 1.56, 3.13,
2.56 and 50 ng/pl; triplicate wells each) was pipetted with an
Eppendorf pipette into each well of the 96-well microtiter plate
(Thermo scientific (Suzhou) Instruments Co, Suzhou, Jiangsu,
China) containing 150 pl of the prepared bacterial suspension in
LB broth. The bacterial suspension was prepared just prior to each
analysis in LB broth with inoculums containing approximately 1
x 10* Colony-Forming Unit (CFU) per ml. The microtiter plate
was then incubated at 37°C for 18-24 h.

Determination of S. aureus growth by MTT assay: Following an
18-24 h incubation period, 10 ul of the 5 mg/ml stock solution of
MTT solution (20 pl of 5 mg/ml) was added to each well of the
plate. The plate was left at room temperature (25°C) for 5 min and
optical density reflecting bacterial growth was measured at 570
nm using a microplate reader (Molecular Devices Corporation,
CA, USA). The blank well consisted of LB Both and MTT. The
yellow MTT dye was reduced by succinic dehydrogenase in the
mitochondria of viable bacteria to purple formazan crystals. The
percentage of bacterial growth compared to the untreated control
well was determined with the equation:

Bacterial growth (%)=0OD of drugtreated wells/OD of control
wells

A calibration curve was constructed by plotting on the y-axis
the percent bacteria growth vs. the log ATD concentration on
the x-axis and nonlinear regression analysis of sigmoidal dose-
response (variable slope) was performed using automated curve
fitting software (Calcusyn TM, Biosoft, Cambridge, UK). The
function used was

Adv Tech Biol Med, Vol.10 Iss.2 No:1000343

OPEN aACCESS Freely available online

Page 3 of 9

_ A+(A-B)
1+10(LogX - Xo)-C
Where Y is the level of the percent bacteria growth, X is the
dilution factor, A is the low level of the optical densities limit,

B is the high level of the optical densities limit, X, and C is the
slope of the linear portion of the dose-response curve.

Total bioactivity of AL against S. aureus in serum sample was
determined from the calibration curve and expressed as ATD
equivalent concentration (ATDeq-Sa). Total bioactivity of
AL against cholangiocarcinoma cells in serum samples was
obtained by multiplying the ATDeq-Sa with the IC_| ratio of
AL in cholangiocarcinoma and S. aureus (multiplying factor) and
expressed as ATDeq-cca. The average IC of the crude ethanol
extract of AL in various cholangiocarcinoma cell lines is 30 pg/
ml [6] and the IC,  of the crude ethanol extract of AL in S. aureus
obtained from the present study is 11.42 pg/ml. Therefore, the
multiplying factor used to determine the total bioactivity of AL
against cholangiocarcinoma cells is 30/11.42=2.63.

Assay validation

Calibration curves: To determine the linearity of its response to
ATD, S. aureus ATCC 25923 was tested using the above assay
procedure. Calibration curves for serum samples were prepared
by spiking standard solutions of ATD at concentrations of 0.39,
0.78, 1.56, 3.13, 2.56 and 50 ng/pl. The percentage of growth
inhibition obtained from replicate samples, a calibration curve
(dose-response curve) was plotted on semi-log graph paper and
fitted to the least square regression line as described above.

Precision: The precision of the method based on within-day
repeatability was determined by replicate analysis of six sets of
serum samples (20 ul each) spiked with different concentrations
of ATD (0.39, 0.78, 1.56, 3.13, 2.56, and 50 ng/pl). The
reproducibility (day-to-day variation) of the method was validated
using the same concentration range of plasma as described
above, but only a single determination of each concentration was
made on six different days. The Coefficient of Variation (CV)
was calculated from the ratios of Standard Deviation (SD) to the
mean and expressed as a percentage.

Accuracy: The accuracy of the method was determined by
replicate analysis of six sets of serum samples (20 pl each) spiked
with different concentrations of ATD (0.39, 0.78, 1.56, 3.13,
2.56, and 50 ng/pl) and comparing the difference between spiked
values and those actually found (theoretical value).

Limit of quantification: The Limit of Quantification (LOQ) of the
assay procedure was determined from the lowest concentration of
ATD (in spiked serum samples) that produced growth inhibition.

HPLC-UV for determination of ATD in plasma samples

Preparation of standard drug solutions: Stock solutions of ATD
and the internal standard were prepared at the concentration
of 1,000 pg/ml. The stock solutions were further diluted with
acetonitrile to obtain working solutions at concentrations of
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5 ng/ml and 250 ng/ml, respectively. Standard solutions were
stored at -80°C until use.

Chromatography: The method was developed on a
chromatographic system consisting of the elution solvent delivery
(SpectraSystem P4000 Quaternary Solvent Delivery/Controller:
Thermo Fisher Scientific, CA, USA), equipped with solvent
degasser (SpectraSystem SCM1000 Solvent Degasser: Thermo
Fisher Scientific, CA, USA), an auto-sampler (SpectraSystem
AS3500: Thermo Fisher Scientific, CA, USA) and a UV detector
(SpectraSystem UV/Vis 3000: Thermo Fisher Scientific, CA,
USA). The wavelength was set at 340 nm. The separation was
carried out on a reversed-phase column (Thermo Hypersil Gold
C18, 250 mm x 2.1 mm id, 5 um: Thermo Scientific, CA,
USA). The elution solvent consisted of acetonitrile and distilled
water at the ratio of 70:30 (v:v). The chromatographic analysis
was operated at 25°C. Aliquots of 200 pl samples or standard
solutions were injected onto the column with an elution buffer
at a flow rate of 1.0 ml/min.

Sample preparation: The procedure was validated on specimens
using 1 ml of spiked human plasma. Outdated human plasma was
obtained from the Blood Bank of Thammasat Chalermprakiet
Hospital and stored frozen in aliquots at -20°C. To 1 ml plasma,
20 pl internal standard working solution (250 ng/ml) was added.
After thoroughly mixing, 2 ml of acetonitrile was added. The
mixture was vortexed for 30 seconds and centrifuged at 3,000 Xg
for 10 min. The supernatant was transferred to a 15 ml test tube
and extracted with 4 ml of dichloromethane for 30 minutes. The
organic phase (upper layer) was separated through centrifugation
at 3,000 Xg (4°C) for 10 min. The organic phase was transferred
to a new polypropylene tube and evaporated to dryness under the
nitrogen stream at 40°C. The residue was reconstituted with 100
ul of the mobile phase and filtered through a 0.22 um nylon filter
membrane, and an aliquot of 40 ul was injected onto the column.

Calibration curves: The calibration curves were prepared by
replicate analysis of eight plasma samples (1 ml each) spiked with
varying concentrations of ATD (2.5, 5, 10, 25, 50, 100, 250, and
500 ng/ml) and a fixed concentration of the internal standard
(250 pg/ml). Samples were analyzed as described above.

Data analysis: Peak height ratios of ATD/internal standard
were calculated. Concentrations of ATD in plasma samples
were determined by matching peak height responses against
a calibration curve of response ratio (height of ATD/height of
internal standard) vs concentration, obtained from standard
sample injection. The internal standard corrected for variation
in the sample preparation (protein precipitation/dilution) steps
used. Peak detection, peak height integration, peak height ratio
calculation, calibration curve fitting (least square regression
without weighting) and analysis of sample concentrations were
performed by the Millenium 2000 Chromatograph™ software
(Waters, Milford, MA, USA).

Method validation

Precision: The precision of the methods for the determination
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of ATD in plasma samples based on within-day repeatability was
determined by replicate analysis of six sets of samples spiked with
three different concentrations (25, 100, and 500 ng/ml) of ATD.
The reproducibility (day-to-day variation) of the method was
validated using the same concentration range, but only a single
determination of each concentration was made on six different
days. The CV values were calculated from the ratios of SD to the
mean and expressed as percentage values.

Accuracy: The accuracy of the methods for the determination
of ATD in plasma samples was determined by replicate analysis
of six sets of samples spiked with three different concentrations

of ATD (25, 100, and 500 ng/ml) and comparing the difference
between spiked value and that actually found (theoretical value).

Recovery: The analytical recovery of sample preparation
procedure for ATD in plasma samples was estimated by comparing
the peak heights obtained from samples prepared as described
above, with those measured with post-extraction sample spiked
with equivalent amounts of ATD or internal standard. Triplicate
analysis of ATD was performed at the concentrations of 50, 100,
and 500 ng/ml. The triplicate analysis of internal standard was
performed at a single concentration of 250 ng/ml.

Selectivity: The selectivity of the method was verified by checking
for interference by commonly used drugs, i.e., paracetamol and
dimenhydrinate after subjecting them to sample preparation
procedures.

Limit of quantification: The LOQ of the assay procedure was
determined from the lowest concentration of ATD (in spiked
plasma samples) that produced a peak height ten times the
baseline noise at a sensitivity of 0.2 pA in a 1 ml sample.

Stability: The stability of ATD in plasma samples was determined
by storing spiked plasma samples (concentrations 50, 100, and
500 ng/ml; triplicate analysis for each concentration) in a -80°C
freezer (Sanyo, Japan) for three months. Concentrations were
measured periodically (1, 15 days and 1 and 3 months). For freeze
and thaw stability, plasma samples were frozen at -80°C for at
least 24 h and thawed unassisted at room temperature (25°C).
When completely thawed, the samples were transferred back to
the original freezer and refrozen for at least 24 h. The process was
repeated for three cycles.

Quality control: Quality Control (QC) samples for ATD were
made up in plasma samples using a stock solution separate from
that used to prepare the calibration curve at the concentrations
25, 100 and 500 ng/ml (triplicate each). Samples were aliquotted
into cryovials and stored frozen at -80°C for use with each
analytical run. The results of the QC samples provided the basis
of accepting or rejecting the run. At least four of every six QC
samples had to be within + 20% of their respective nominal value.
Two of the six QC samples could be outside the + 20% of their
respective nominal values but not at the same concentration.

Application of the bioassay and HPLC-UV methods to
biological samples

The developed bioassay and HPLC-UV methods were applied
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for the investigation of the pharmacokinetics of total serum
bioactivity (anticholangiocarcinoma) of AL (ATDeg-cca) and
plasma concentrations of ATD in five Thai patients with advanced-
stage cholangiocarcinoma (aged 48-62 years and weighing 50-
62 kg) who received treatment with capsule formulation of the
standardized extract of AL (Kao Laoor Co. Ltd., Thailand) at a
single dose of 1,000 mg (contained 22.05 mg ATD). Approval of
the study was obtained from the Ethics Committee of Thammasat
University. Written informed consents were obtained from all
patients before study. Venous blood samples (6 ml) were collected
(3 ml into the heparinized-coated plastic tube and 3 ml into the
plain tube) at the following time points: O (before dose) and 0.5,
1, 1.5, 2, 2.5, 3, 4, 5, and 6 h after dosing. Plasma (for ATD
analysis) and serum (for analysis of total bioactivity) samples were
separated through centrifugation at 2,000 Xg (15 minutes) and
stored at -20°C until analysis.

RESULTS AND DISCUSSION

Bioassay for determination of total bioactivity of AL in
serum samples

Determination of the total bioactivity of AL was performed
in serum samples to avoid interference of endogenous
substances with the assay. Serum samples were heat-activated
at 60°C to remove microbial contamination. The bioactivity
(anticholangiocarcinoma activity) was expressed as AT Deq-cca.

Calibration curves: Serum analysis was calibrated within
the concentration range of 0.39-50 ng/ul ATD (Figure 3). All
calibration ranges yielded linear relationships with correlation
coefficients of 0.990 or better.

Calibration Curve
100

% Growth
()]
o
IIllIIIIllIIIllIII

0 r

20 40 60

o

ATDeq-cca Conc. (ng/ml)

Figure 3: Calibration curve of total bioactivity of AL extract in serum
against S. aureus (expressed as ATDeg-cca) at the concentration range

of 0.39-50 pg/ml.

Precision: Low variation of ATDeg-cca assay in serum samples
was observed; Coefficients of Variation (CV) for three analyses
at the three concentrations (0.78, 6.50 and 25.00 ng/ml) were all
below 15%. The intra-assay (within-day) and inter-assay (day-to-
day) variations for AT Deq assay in serum samples are summarized

Adv Tech Biol Med, Vol.10 Iss.2 No:1000343

OPEN aACCESS Freely available online

Page 5 of 9

in Table 1. For intra-day assay validation, the Coefficients of
Variation (CV) varied between 6.49% and 14.63%. The inter-day
assay CV varied between 7.92% and 8.33%.

Table 1: Summary of assay precision and accuracy (intra-assay and inter-
assay) for total bioactivity of AL in serum samples by bioassay method
(expressed as ATD equivalent concentration: ATDeg-cca).

Precision (%CV) Accuracy (%DMV)?

Concentration of

ATD added (mg/ml) Intra-assay Inter-assay Intra-assay Inter-assay
25.00 14.63 8.17 -0.91 -4.15
6.50 9.52 8.33 +6.04 +3.01
0.78 6.49 792 +10.55 +9.69

* % DMV=deviation of mean value from theoretical value (%).

Accuracy: Good accuracy was observed from both the intra-day
and the inter-day assays, as indicated by the minimal deviation
of mean values found with measured samples from that of the
theoretical values (actual amount added). The intra-assay (within-
day) and interassay (day-to-day) accuracy for ATDeq assay in
serum samples are summarized in Table 1. For the intra-day assay,
the Mean Deviation from the theoretical Values (MDV) varied
between -6.04% and+10.55%. The inter-day assay MDV varied
between -3.01% and +9.69%.

Limit of quantification: The limit of LOQ of ATDeqg-cca by
bioassay method was accepted as 1.66 pg/ml using 20 ul serum
sample.

HPLC-UV method for determination of ATD in plasma

samples

An HPLC-UV assay procedure was developed based on reversed-
phase chromatography with UV detection for the specific,
sensitive, accurate and reproducible quantitative analysis of ATD
in human plasma samples. The method was based principally
on the previously described method with modifications [18].
Development of the assay method was performed using plasma
samples as it is the commonly used biological sample (clean and
high quality samples) for pharmacokinetic study.

Chromatographic  separations A number of HPLC
chromatographic systems were investigated to optimize
the separation of ATD and the internal standard

1,8-dihydroxyanthraquinone. Retention maps were generated for
both compounds as a function of the stationary phase and elution
solvent (mobile phase). For the elution solvent, the composition
of acetonitrile: distilled water (70:30, v:v) with a reversed-phase (5
pm, 250 mm x 2.1 mm; Thermo Hypersil Gold) column resulted
in good separation with optimal separation. The retention times
of internal standard and ATD were approximately 6.5, and 9.6
min, respectively. The chromatograms showed a good baseline
separation. A chromatogram of the standard solution of ATD
(100 ng/ml) and the internal standard (250 ng/ml) is shown in
Figure 4.



Cheoymang A, et al.

UAUT A, SIg=34U,8 IKET=O0IT (A1 RAU | TLULINFLASMAIUIFUI ZUZU-U0-£1 U¥-30-U7 WaY-10U1.U)

T T T T T T T
2 4 [} 8 10 12 14 min

Figure 4: Chromatograms of the standard solution of internal

standard (IS: 250 ng/ml), and atractylodin (ATD: 100 ng/ml).

Sample preparation: A number of sample preparation procedures
were investigated to optimize the extraction of ATD, and the
internal standard from plasma samples. The optimal sample
preparation procedure used in this study was simple, involving
only a two steps of protein precipitation by acetonitrile followed
by liquid-liquid extraction by organic solvent (dichloromethane),
which resulted in clean chromatograms.

Calibration curves: Plasma analysis of ATD was calibrated using
the concentration range of 2.5-500 ng/ml. All calibration ranges
yielded linear relationships with correlation coefficients (r) of

0.999 or better.
Method validation

Precision: Low variation of ATD assay in plasma samples was
observed; Coefficients of Variation (CV) for eight analysis at the
three concentrations (25, 100 and 500 ng/ml) were all below 5%.
The intra-assay (within-day) and inter-assay (day-to-day) variations
for ATD assay in plasma samples are summarized in Table 2. For
intra-day assay validation, the Coefficients of Variation (CV)
varied between 0.9% and 2.9%. The inter-day assay CV varied
between 2.2% and 3.3%.

Table 2: Summary of assay precision and accuracy (intra-assay and inter-
assay) for ATD assay in plasma samples by HPLC-UV method.

Concentration Precision (%CV) Accuracy (%DMV)?

added (ng/ml) Intra-assay Inter-assay Intra-assay Inter-assay
25 2.2 33 6.1 7.0
100 0.9 2.0 33 2.4
500 2.9 2.2 0.2 2.9

* %DMV=deviation of mean value from theoretical value (%).

Accuracy: Good accuracy was observed from both the intra-day
and the inter-day assays, as indicated by the minimal deviation
of mean values found with measured samples from that of
the theoretical values (actual amount added). The intra-assay
(within-day) and inter-assay (day-to-day) accuracy for ATD assay
in plasma samples are summarized in Table 2. For the intra-day
assay, the Mean Deviation from the theoretical Values (MDV)
varied between 0.2% and 6.1%. The inter-day assay MDV varied
between 2.9% and 7.0%.

Adv Tech Biol Med, Vol.10 Iss.2 No:1000343

OPEN aACCESS Freely available online

Page 6 of 9

Recovery: The mean recoveries for ATD at 50, 100 and 500 ng/
ml were 75.6%, 77.4% and 76.2%, respectively. The recovery
of the internal standard at the concentration of 250 ng/ml was
79.9%. The results reflect essentially high recovery for both
compounds from the spiked plasma samples and indicate a lack
of interference from the sample preparation procedure.

Selectivity: The selectivity of the chromatographic separation was
demonstrated by the absence of interferences from endogenous
peaks in blank plasma (Figure 5), plasma sample spiked with
100 ng/ml ATD (Figure 6), and plasma sample spiked with
paracetamol (100 ng/ml) and dimenhydrinate (100 ng/ml)
(Figure 7).

LI DAD1 A, Sig=340,4 Rof=off (ATRACTYLODINPLASMA\OPOR 2020-06-21 09-38-07\033-0401.0)

Figure 5: Chromatograms of blank plasma.

] DADIA 4 ODINPLA 0)

mau ]

Figure 6: Chromatograms of plasma sample spiked with 100 ng/
ml ATD.

T DADIA Sig= GDINPLA: )

mAU

Figure 7: Chromatograms of plasma sample spiked with
paracetamol (100 ng/ml) and dimenhydrinate (100 ng/ml).

Limit of quantification: The LOQ of ATD in human plasma
samples was accepted as 2.5 ng/ml using 1 ml plasma.

Stability: Results from the present study show that plasma
samples containing ATD at concentrations of 25, 100 and 500
ng/ml were found to be stable when stored in a -80°C freezer for
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a minimum of three months without significant decomposition
of the drug (Table 3). Freeze and thaw stability of ATD in plasma
expressed as the deviation of the mean from the values before
the three freeze and thaw cycles procedure were determined by
repeated analysis of three aliquots of samples at three different
concentrations (25, 100, and 500 ng/ml). Aliquots of each
sample were stored at the intended storage temperature for 24 h
and thawed at room temperature. When completely thawed, they
were refrozen for 24 h under the same conditions. The freeze-
thaw cycle was being repeated three times and then analyzed after

the third cycle (Table 4).

Table 3: Storage stability data of ATD in plasma at concentrations 25,
100, and 500 ng/ml.

Atractylodin
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Application of the developed methods for human
pharmacokinetic study

Total anticholangiocarcinoma activity-time profiles of AL
in serum samples by bioassay: To demonstrate the clinical
applicability of the developed method, ATDeq-cca concentrations
in serum samples collected from five patients with advanced-
stage cholangiocarcinoma during 0-6 hours were determined by
the bioassay method following oral doses of capsule formulation
of the standardized AL extract at a single dose of 1,000 mg
(containing 22.05 mg ATD). The ATDeq-cca representing total
anti cholangiocarcinoma activity of AL in serum samples from
the five patients are presented in Table 5. The average maximum
serum bioactivity of 16.54 ATDeq-cca concentration was achieved
at 0.5 hour. At the last sampling time point (6 hours), ATDeg-cca

(ng/ml) Mean D %DMV was not detectable in two patients, while low activity (2.63-9.70

25 23.9 17 6.8 ATDeq-cca) was detected in three patients.
100 103.4 2.4 5.6 Table 5: Serum total bioactivity (anti cholangiocarcinoma activity) of AL
500 4782 23.0 43 extract expressed as ATDeg-cca.
25 24.2 1.9 8.4 ATDeg-cca (ug/ml)

15 days 100 99.2 3.4 3.4 Time (h) Subject Subject Subject Subject Subject ~Mean
500 492.6 12.8 -1.46 no 1 NO. 2 No. 3 No. 4 No. 5 (SD)
25 254 52.8 2.8 0 0 0 0 0 0 0

30 days 100 101.3 3.8 6.4 0.5 16.72 14.93 17.62 16.91 7.88 16.54
500 496.9 512.4 19.5 1.0 23.30 8.52 10.04 10.70 5.92 13.14
25 26.1 53.8 5.6 1.5 13.93 6.89 11.23 5.65 4.38 9.42

90 days 100 102.3 2.9 6.7 2.0 10.09 2.39 15.22 7.99 3.94 8.92
500 510.3 520.9 20.8 2.5 10.94 5.49 9.28 1.83 6.63 8.38

9% DMV=deviation of mean value from the theoretical value (%).

Table 4: Freeze and thaw stability for ATD in spiked plasma samples at
concentrations of 50, 500 and 1500 ng/ml at room temperature (freshly
prepared) and following three freeze (-80 °C)-thaw cycles.

. Measured
Storage condition Target (csgr;cnelrll)tratlon concentration (mean
+ SD: ng/ml)
25 26.1+0.8
Freshly prepared 100 103.2+1.8
500 501.3 + 1.2
6h 25 24.1+0.3
temperaittl::?g °C) 100 1049225
500 5022+ 1.2
25 23.4£0.7
1 freeze-thaw cycle 100 105.1£2.5
500 4921+ 1.0
25 233+ 1.1
2 freeze-thaw cycles 100 105.2 3.5
500 501.6 + 1.5
25 26.7 3.1
3 freeze-thaw cycles 100 102.8 £3.9
500 509.3 £ 1.2

Adv Tech Biol Med, Vol.10 Iss.2 No:1000343

3.0 7.31 0 12.43 4.73 4.86 6.12
4.0 8.73 0 8.65 3.70 3.07 5.21
5.0 4.10 0 6.65 2.20 4.14 3.24
6.0 2.68 0 9.70 0 2.69 3.09

Plasma concentrations of ATD determined by HPLC-UV: To
demonstrate the clinical applicability of the developed method,
ATD concentrations in plasma samples collected from five
patients with advanced-stage cholangiocarcinoma during 0-6
hours were determined by the bioassay method following oral
doses of capsule formulation of the standardized AL extract at
a single dose of 1,000 mg (containing 22.05 mg ATD) (Table
6). The average maximum plasma concentration of ATD of
65.90 ng/ml was achieved at 2.5 hour. At the last sampling time
point (6 hours), ATD was not detectable in two patients, while
low concentrations (5.20-14.95 ng/ml) were detected in three
patients.

Table 6: Plasma concentrations of ATD analyzed by HPLC-UV.

ATD (ng/ml)

Time (h) Subject  Subject Subject Subject Subject Mean
no 1 NO. 2 No. 3 No. 4 No. 5 (SD)
0 0 0 0 0 0 0
0.5 4.76 10.9 12691  10.56 13.03  33.232




Cheoymang A, et al.

1.0 5.57 48.69 14743 1591 32.04 49.918
1.5 7.07 5890  58.27 23.45 41.44  37.826
2.0 14.12 70.42 4220 4090 6132  45.792
2.5 46.04 92.1 48.31 52.68 90.41  65.908
3.0 38.48  83.56 26.61 70.74 6848 57574
4.0 29.84  56.80 14.82 61.20 40.06  40.544
5.0 12.21 23.32 1.20 4133 2501  23.014
6.0 0 5.20 0 10.20 14.95 6.07

Comparison of serum bioactivity expressed as ATDeqg-cca and
plasma ATD concentrations in all patients are presented in Figure
8. It was noted for a marked difference in the pharmacokinetic
profiles of AL when using ATD and ATDeq-cca as biomarkers
for antichoolangiocarcinoma. Full pharmacokinetic investigation
of AL in a larger number of patients is underway. A bioassay
procedure based on the colorimetric method for analysis of the
total bioactivity of AL against cholangiocarcinoma in human
serum as well as an HPLC-UV method for determination of ATD
in plasma is described. Both analytical methods meet the criteria
of high sensitivity, accuracy and reproducibility for routine use in
pharmacokinetic studies [19,20].
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Figure 8: Mean serum AL bioactivity (expressed as ATDeg-cca) and
plasma ATD concentrations in five patients with advanced-stage
cholangiocarcinoma. Note: (—gp—) Mean ATDeq-cca concentrartion

(ng/ml), (—@—) Mean ATD concentrartion (ng/ml).

CONCLUSION AND RECOMMENDATIONS

The newly developed bioassay method for the determination
of total anti-cholangiocarcinoma activity has advantages over
other conventional analytical methods as it reflects the sum of
the activity of all identified and unidentified active constituents.
The endpoint of measurement was inhibition of bacterial
growth assessed spectroscopically by MTT assay, which provides
a high throughput platform for the assay. This would offer a
realistic analysis of the pharmacokineticpharmacodynamic
relationship of AL in patients who receive AL for treatment of
cholangiocarcinoma as well as bacterial infections. The HPLC-
UV method for the determination of Atractylodin (ATD) in
plasma established in this study meets the criteria for application
to routine clinical drug level monitoring or pharmacokinetic
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study Although liquid-liquid extraction is time-consuming,
Solid-Phase Extraction (SPE) is relatively expensive, which is not
applicable for most laboratories. The advantage of the method
over previously reported ones is its rapidity, simplicity, and
high sensitivity with simple UV detection. Besides, the sample
preparation procedure is simple, faster and less expensive.
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